INTRODUCTION
Margiricarpus setosus R et P. (Rosaceae) is a plant of the Andean area, commonly known as "piqui yoyo" (Velasco, 1946) . The aerial parts are widely used in folk medicine for their antiinflammatory and antiviral properties (Velasco, 1946) . However, there are no data in the literature on the possible pharmacological effects of this plant. In a previous paper we described the isolation and structure elucidation of new aryl and triterpenic glycosides from the leaves of M. setosus (De Tommasi et al., 1996) . The occurrence of arylglycosides and triterpene derivatives has been demonstrated in a great number of Rosaceae; therefore considerable taxonomic importance seems to emerge from the relatively high frequency of accumulation of such compounds in these species.
In the course of our continuing search for novel anti-HIV agents from natural sources, we tested the anti-HIV activity of extracts, partially purified fractions and pure compounds from M. setosus. The extracts and fractions were bioassayed for in vitro anti-HIV activity. Subsequent bioassay-directed fractionation of the most active fractions has led to the isolation and characterization of catechin and epicatechin as the compounds responsible for the anti-HIV activity elicited by the MeOH extract. These data confirm the role of flavans as anti-HIV agents and are in good agreement with our previous investigations which demonstrated catechin, epicatechin and their derivatives inhibit the in vitro HIV replication (Mahmood et al., 1993a,b; Moore & Pizza, 1992; Piacente et al., 1994) .
MATERIALS AND METHODS

General
NMR spectra were obtained in CD 3 OD using Bruker WM-250 or Bruker AMX-500 spectrometers. HPLC separations were performed on a Waters 590 series pumping system with a Waters R401 refractive index detector equipped with a Waters µ-Bondapak C18 column.
Plant Material
The aerial parts of Margiricarpus setosus were collected at Riobamba, Chimborazo region, in July 1993, and identified by W. Palacios. A voucher sample is deposited at the Herbario Nacional de Quito.
Isolation of Compounds
The air-dried aerial parts of M. setosus (450 g) were defatted with petrol in a Soxhlet apparatus and then extracted at room temperature with CHCl 3 , CHCl 3 :MeOH 9:1 and MeOH in succession to give 6.8, 11.0 and 24 g of residue. The MeOH extract was found to exhibit significant anti-HIV activity; therefore, a portion (2.5 g) was subjected to Sephadex LH-20 using MeOH as eluent to afford 60 fractions (8 ml each). These fractions were monitored by TLC on silica gel plates using a mixture of chloroform-methanol-H 2 O (7:3:0.3) as developing solvent. Eluates showing similar TLC profiles were pooled to give 6 combined fractions, of which fractions V (fr. 45-54, 200 mg) and VI (fr. 55-60, 170 mg) were the only ones found to exhibit activity against HIV. Fractionation of V and VI was achieved by RP-HPLC using, respectively, MeOH:H 2 O (45:55, flow rate ϭ 2.5 ml/min) and MeOH:H 2 O (33:67, flow rate ϭ 1.5 ml/min) as the eluents. From fraction V, pure epicatechin (80 mg, R t ϭ 2 min), ␤-hydroxy-3',4'-dimethoxyphenylethylglucoside (17.3 mg, R t ϭ 14 min) and ␤-hydroxy-3',4'-dimethoxyphenylethylrutinoside (23.5 mg, R t ϭ 9.5) were obtained; fraction VI yielded catechin (50.3 mg, R t ϭ 10 min), epicatechin (35.2 mg, R t ϭ 12.5 min) and quercetin-3-O-(6"-p-cumaroyl)-␤-D-glucoside (7.8 mg, R t ϭ 23 min).
All the isolated compounds were identified by a comparison of their spectroscopic parameters ( 1 H and 13 C NMR) with literature values (Andary et al., 1980; Nishibe et al., 1982; Porter et al., 1982; Higuchi & Donelli, 1978; De Tommasi et al., 1996) .
Antiviral Assays
Anti-HIV activity and toxicity of compounds was assessed in C8166 cells infected with HIV-1 MN . The cells were cultured in RPMI 1640 with 10% fetal calf serum. Forty-thousand cells per microtiter plate well were mixed with 5-fold dilutions of compounds prior to addition of 10 CCID 50 units of virus and incubated for 5-6 days. Formation of syncytia was examined from 2 days post-infection. The inhibition of HIVinfection was assessed by examining syncytia, by estimating antigen gp120 by ELISA (Mahmood & Hay, 1992) , and by measuring cell viability of virus-infected and uninfected cell controls by the XTT-formazan method (Weislow et al., 1989) .
Virus Infectivity Assay
The total progeny virus was titrated in microtiter plates using double dilutions of freshly collected supernatants and C8166 cells. The end point was determined by examining syncytia formation and by the XTT-formazan method. The virus titer (CCID 50 ) are expressed as the reciprocal of the dilution which gave a 50% end point. To measure the effects of compounds on virus infectivity, HIV-1 IIIB (10 4 -10 5 CCID 50 ) was incubated with compound at 37°C for 1 h, the virus was seriallydiluted and the infectivity endpoint determined. In all cases compound was diluted to well below the EC 50 , such that residual compound did not interfere with the virus titration.
RESULTS AND DISCUSSION
The air-dried aerial parts of M. setosus were extracted successively with CHCl 3 , CHCl 3 /MeOH 9:1 and MeOH. The in vitro anti-HIV activity of the three extracts was tested. Table 1 shows the inhibitory effect of the three extracts against HIV-MN in acutely infected C8166 cells. The EC 50 values for HIV infection were the same, but significant differences were seen in terms of toxicity. The lower toxicity of the MeOH extract gave a selectivity index (S.I.) of 50, more than 10-fold that of CHCl 3 (S.I. ϭ 4) and CHCl 3 /MeOH 9:1 (S.I. ϭ 4) extracts. At the concentration of 200 µg/ml, the MeOH extract suppressed completely the formation of syncytia and production of gp120.
The above results prompted us to investigate the constituents of the MeOH extract that was subjected to Sephadex LH-20 to afford six main fractions I-VI which were tested for in vitro anti-HIV activity. Since only V and VI exhibited a significant inhibition of HIV replication, showing EC 50 and S.I. comparable to those observed for the MeOH extract (Table 1) , the constituents of these two fractions were investigated.
By means of reversed-phase HPLC, ␤-hydroxy-3',4'-dimethoxyphenylethylglucoside and ␤-hydroxy-3',4'-dimethoxyphenylethylrutinoside were isolated from fraction V, and catechin, epicatechin and quercetin-3-O- compounds were elucidated on the basis of chemical and spectral data including the concerted application of onedimensional NMR and two-dimensional NMR techniques as reported in an our previous work (De Tommasi et al., 1996) .
Among all the isolated compounds, catechin and epicatechin consistently exhibited the greatest activity, showing an EC 50 of 4 µg/ml with a selectivity index Ͼ25 and an EC 50 of 2 µg/ml with a selectivity index Ͼ50. These data were in good agreement with the results of our previous study on the inhibition of HIV infection by flavanoids (Mahmood et al., 1993a) . Our previous investigations established that catechin and epicatechin inhibit HIV reverse transcriptase in a non-specific manner (Mahmood et al., 1993b) and that inhibition of virus infection is principally due to their more selective interaction with gp120 (Mahmood et al., 1993a) . Studies of their effects on the binding of sCD 4 to gp120 indicated that the two compounds interact irreversibly with gp120 to inactivate virus infectivity and block infection. The specifity of the interaction with gp120 was apparent from the ability of the compounds to selectively prevent the binding of monoclonal antibody to, for example, the V3 loop of gp120 but not antibodies directed against terminal regions of the molecule. The antiviral action of catechin and epicatechin is not limited to HIV-1 since they exhibited a comparable activity against HIV-2 and SIV infections of C1866 cells, and some effect, although at higher concentrations, also against herpes simplex virus infection of Vero cells (Mahmood et al., 1993a) . The identification of catechin and epicatechin as the compounds responsible for the anti-HIV activity elicited by the MeOH extract confirm the role of flavans as anti-HIV agents. However, we cannot rule out that the activity of the extracts and fractions could also be due to minor compounds related to catechin and epicatechin, or due to a combination that may act synergistically.
